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Angiotensin II infusion ameliorates the early phase of a mesan- experimental and clinical studies have documented a
gioproliferative glomerulonephritis. strong nephroprotective effect of antihypertensive ther-
Background. Inhibition of the renin-angiotensin system slows apy using angiotensin-converting enzyme (ACE) inhibi-the progression of chronic renal disease.
tors [1, 2]. Furthermore, there is clear evidence that ACEMethods. To test whether angiotensin II (Ang II) infusion
aggravates or ameliorates an acute glomerulonephritis, the inhibitors show beneficial effects that go beyond their
peptide was infused (200 ng/min by osmotic minipump) in rats blood pressure lowering effect. However, the mecha-
with an anti-thymocyte antibody-induced glomerulonephritis nisms of action of ACE inhibitors remain incompletely(ATS).
understood. Both experimental and clinical studies re-Results. Ang II significantly increased blood pressure. Fol-
lowing injection of the antibody, similar glomerular binding of vealed that angiotensin II (Ang II) plays a central role
rabbit IgG and rat complement C3 was detected in ATS and in the progression of renal disease [3]. The mechanisms
Ang IIATS rats, indicating no differences in delivery and of Ang II-induced kidney damage are generally attrib-binding of the antibody. Ang II infusion, however, induced a
uted to direct vasoconstriction, growth promoting andsignificant reduction in glomerular monocyte infiltration, cell
proliferation and matrix expansion in nephritic rats compared profibrotic effects. We and others have characterized the
to rats with nephritis without Ang II. The antiproliferative model of anti-Thy-1 induced glomerulonephritis [4–6].
effect of Ang II was inhibited by the Ang II type 1 (AT1) re- The injection of a rabbit anti-rat thymocyte serum in-ceptor blocker irbesartan, but not by the AT2 receptor blocker
duces mesangiolysis, followed by monocyte infiltrationPD 123319, indicating that this effect was likely transduced by
AT1 receptors. Norepinephrine infusion (600 ng/min) pro- as well as proliferation and matrix expansion. It has been
duced a similar degree of hypertension, but did not affect demonstrated that blockade of the renin-angiotensin sys-
glomerular proliferation in nephritic rats. Ang II induced the tem with ACE inhibitors or Ang II type 1 (AT1) receptorglomerular expression of the cell cycle inhibitor p27KIP1 and of
blockers ameliorates the pathologic changes of the earlytransforming growth factor- (TGF-) and inhibited expres-
sion of monocyte chemotactic protein 1 (MCP-1). phase of the anti-thymocyte antibody-induced glomeru-
Conclusion. Ang II surprisingly ameliorates glomerular mono- lonephritis (ATS) [7, 8]. In addition, we recently found
cyte infiltration, proliferation and matrix expansion in ATS that induction of ATS in rats with renovascular hyperten-nephritis. Ang II-mediated induction of cyclin kinase inhibitors
sion aggravated the glomerular damage of ATS in theand TGF-may contribute to the protection of the glomerulus
from inflammatory injury by inducing cell cycle arrest and nonclipped kidney [9]. Therefore, we were interested in
attenuating activation of local and recruited cells. Alterna- further dissecting the obviously deleterious effects of
tively, Ang II might protect the kidney at least in part by less Ang II on the course of ATS. Surprisingly, we discoveredinflow of disease activators due to reduction of renal blood
that infusion of Ang II led to a marked suppressionflow. Therefore, activation of the renin-angiotensin system may
have protective effects in certain pathophysiological situations. of glomerular monocyte infiltration, proliferation and
matrix expansion. This suppression was specific for Ang
II and was transduced by the AT1 receptor. Ang II has
Systemic hypertension is a major risk factor that deter- multiple functional and structural actions, all of which
mines the rate of progression of renal disease. Numerous tend to increase blood pressure and worsen renal func-
tion. In this context, our findings are surprising and novel
1 See Editorial by de Zeeuw, p. 1176. that Ang II can ameliorate some pathophysiologic changes
in a model of acute glomerulonephritis.
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siological Society’s guidelines of experimental animal the protein DC-assay (Biorad, Munich, Germany). To
equal amounts of protein (100 g) Laemmli buffer 2research were followed and approval was obtained from
the local goverment. The animals had free access to (50% beta-mercaptoethanol, 50% glycerol) and 1/5
staining solution (42.5% glycerol, 0.5% bromphenoltap water and standard rat chow. Rats weighing 200 g
received continuous Ang II or norepinephrine infusion blue) were added. Samples were electrophoresed on
12% SDS/polyacrylamide gels. Proteins were electro-via subcutaneous osmotic minipumps (Alzet model 2002;
Alza Corp. Palo Alto, CA, USA) containing angiotensin blotted onto nitrocellulose (Hybond-ECL; Amersham,
Braunschweig, Germany). The membrane was blockedII (200 ng/min) or norepinephrine (600 ng/min; Sigma,
Deisenhofen, Germany). For the experiments with im- with 5% nonfat dry milk in washing buffer [1  phos-
phate-buffered saline (PBS) 0.1% Tween 20]. The fol-mediate delivery of Ang II (implantation after injection
of the antiserum or 12 hours before injection of the lowing antibodies were used in a 1:1000 dilution: for IgG,
goat antirabbit antibody (Dakopatts, Hamburg, Ger-antiserum) the minipumps were preincubated in vitro in
0.9% saline by 37C for 12 hours according to manufac- many); for transforming growth factor- (TGF-), mouse
antiporcine (R&D Systems, Minneapolis, MN, USA);turer’s recommondations. Rats were evaluated 6 to 10
days after implantation of minipumps. Only those rats for p27Kip1, mouse monoclonal antihuman (Transduction
Laboratories Lexington, MA, USA); and for anti-prolif-with systolic blood pressure160 mm Hg were included
for further study. erating cell nuclear antigen (PCNA), M879 (Dakopatts,
Hamburg, Germany). The second antibody was a rabbit
Induction of glomerulonephritis horseradish peroxidase-conjugated antimouse or anti-
goat IgG in a 1:1000 dilution (Transduction Labora-Immune-mediated mesangial cell injury was induced
five days after implantation of the minipumps by the i.v. tories). Peroxidase labeling was detected with lumines-
cence immunodetection (ECL; Amersham) according toinjection of 0.5 mL/100 g body weight of an anti-rat-
thymocyte antiserum. ATS was induced in rabbits by the manufacturer’s recomendations. To control for small
variations in protein, loading and transfer membranesrepeated immunization with thymocytes from Lewis rats
as described [6, 9, 10]. were washed and reincubated with a mouse mono-
clonal anti-beta-actin antibody (Sigma).The following groups of animals were studied: (1) nor-
motensive control animals (controls); (2) normotensive
Isolation of RNA for Northern blot hybridizationcontrol animals  nephritis (ATS); (3) angiotensin II
infusion (Ang II); (4) Ang II infusion  nephritis (Ang RNA from glomeruli was isolated by the guanidium
isothiocyanate method as described by us [6, 10]. RNAIIATS); (5) Ang II infusion  irbesartan (20 mg/kg
twice daily by gavage; Bristol Myers Squibb, Mu¨nchen, was electrophoresed through a 1.2% agarose gel con-
taining 2.2 mol/L formaldehyde. Equal loading of theGermany) nephritis; (6) Ang II infusion PD 123319
(1.1 g/min osmotic minipump; Sigma)  nephritis; (7) lanes was evaluated with ethidium bromide staining of
the 18 and 28 S RNA. The RNA was transferred toAng II infusion, explantation of the pump (Ang II ex)
nephritis; (8) Ang II infusion, implantation of the pump nylon membranes by vacuum blotting and UV cross-
linked. Membranes were hybridized with a JE/MCP-112 hours before injection of the antiserum; (9) Ang II
infusion, implantation of the pump after injection of probe (a 577 bp EcoR1 fragment) after (32P) dCTP-label-
ing by random oligonucleotide priming of the cDNAthe antiserum; (10) norepinephrine infusion; and (11)
norepinephrine infusion  nephritis. inserts as described earlier [8, 9]. Filters were hybridized
with 106 cpm/probe per milliliter of hybridization buffer.Kidneys were removed 24 hours after induction of the
nephritis for examination of monocyte infiltration and The membranes were washed and subsequently autora-
diography was performed at 80C with intensifyingexpression of monocyte chemotactic protein-1 (MCP-1)
and after five days for glomerular proliferation. screens. Nylon membranes were stripped and rehybrid-
ized with a 0.58 kb EcoRI1 cDNA probe of 18 S RNA
Systolic blood pressure to account for small loading and transfer variability.
Systolic blood pressure was measured by tail cuff ple-
Renal morphologythysmography in awake rats as previously described [9].
Kidney slices were fixed in 4% buffered formalin or
Western blotting Carnoy solution, paraffin embedded, sectioned to 3- to
4-m thick sections and stained with periodic acid SchiffWestern blotting was performed as recently described
by us [10–12]. Glomeruli were isolated by differential (PAS). Tissues were also stained with antibodies against
PCNA (M879; Dakopatts), rabbit IgG (Dakopatts), ratsieving and resuspended in Laemmli buffer 1 [33% (vol/
vol) 0.5 mol/L Tris/Cl, pH 6.8, 66% (vol/vol), and 10% C3c (Nordic, Tilborg, Netherlands) and ED-1 (Chemi-
kon International, Temecula, CA, USA). The tissue sec-sodium dodecyl sulfide (SDS)]. Samples were boiled and
centrifuged. Protein concentration was determined with tions were developed with the APAAP complex as de-
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Ang II does not prevent glomerular
IgG/C3c deposition
Following the injection of anti-thymocyte-serum, se-
lective binding of rabbit IgG was detected in the mesan-
gium by immunohistology. As judged by quantitative
scoring this deposition was not significantly different be-
tween normotensive rats and rats receiving Ang II infu-
sion (Fig. 2A). The immunohistochemical data were con-
firmed by Western blotting. Figure 2B shows a Western
blot of glomerular proteins using an anti-rabbit IgG anti-
body. No bands were detected in controls and Ang II
rats whereas bands of similar intensity were found in
ATS and Ang II  ATS animals. Similarly, glomerular
deposition of complement C3c was indistinguishableFig. 1. Systolic blood pressure measured in conscious rats after induc-
tion of the nephritis is shown. Abbreviations are: Control, normotensive among nephritic rats with and without Ang II (Fig. 2C),
controls; Ang II, angiotensin II-infused animals; ATS, nephritis. *P  indicating no differences in delivery and binding of ATS0.001 versus normotensive controls. N 	 6 in each group.
as well as subsequent complement activation in normo-
tensive and hypertensive rats.
Ang II reduces the glomerular accumulationscribed earlier [6, 9, 10, 12]. Histological studies were
of monocytes/macrophagesperformed with the investigators in a blinded fashion.
A hallmark of glomerulonephritis is glomerular infil-To evaluate the appearance of proliferating glomerular
tration by monocytes/macrophages [13]. To determinecells and monocyte infiltration, at least 25 glomeruli were
glomerular infiltration by monocytes, tissues were stainedstudied from each kidney. The typical glomerular lesions
with a specific antibody against monocytes/macrophagesof the ATS nephritis with edema and expansion of matrix
(ED-1). There was considerable influx of ED-1 positiveon day 5 were quantitated by scoring (grade 0 to 2) in
cells at 24 hours in nephritic animals. However, Ang IIPAS stained sections: grade 0 	 no lesion; grade 1 	
significantly inhibited this glomerular monocyte/macro-segmental lesions that do not cover the complete glomer-
phage accumulation. (Fig. 3A). We have recently demon-ular cross-sectional area; grade 2 	 involvement of the
strated that MCP-1 causes monocyte/macrophage infil-complete glomerular area. Thirty glomeruli were evalu-
tration in the ATS nephritis [6]. It is noteworthy thatated from each kidney. Glomerular staining for IgG and
Ang II inhibited MCP-1 induction as shown by NorthernC3c was assessed by a semiquantitative score from 0 to
blotting in Figure 3B. No more significant difference was3, where: grade 0 	 no staining; grade 1 	 weak and
found for glomerular mononocyte/macrophage infiltra-focal staining; grade 2 	 continuous staining; and grade
tion on day 5 of the disease (controls 0.12 
 0.03, ATS3 	 heavy staining of the mesangial area.
0.12 
 0.03, Ang II 0.12 
 0.61, Ang II  ATS 0.12 

0.01 ED-1 positive cells/glomerular cross section). ThisStatistical analysis
finding is very similar to our previous study, in whichResults are expressed as means  SEM unless stated
an antibody against MCP-1 decreased the number of
otherwise. Statistical significance was defined as P 
glomerular monocytes/macrophages significantly on day
0.05. The Mann-Whitney test was applied to compare
1 but not on day 5 of the nephritis [10].
two distinct treatment groups. For comparison of all
groups one-way analysis of variance was used as a screen- Ang II inhibits glomerular cell proliferation
ing test, if appropriate. Glomerular proliferation is another hallmark of ATS
nephritis. To further quantify proliferative changes, glo-
merular proliferation was studied by immunostaining theRESULTS
tissue sections for PCNA, a nuclear protein that is in-
Blood pressure creased from late G1 to the M phase of the cell cycle.
Systolic blood pressures are depicted in Figure 1. Glomerular proliferation peaks in the ATS nephritis at
Blood pressure was not significantly different between day 5. As shown in Figure 4A, there was strong induction
controls and normotensive nephritic rats. Angiotensin of proliferation in nephritic rats on day 5. This prolifera-
infusion caused an increase in systolic blood pressure. tion was, however, significantly inhibited by Ang II infu-
No significant difference was found to nephritic rats re- sion. The immunohistochemical data were confirmed by
Western blotting. There was induction of PCNA in ne-ceiving Ang II infusion.
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Fig. 2. IgG and C3c binding semiquantitative scoring of glomerular
IgG binding in immunohistochemistry reveals that Ang II does not
influence binding of the anti thymocyte serum to the mesangium (A).
Abbreviations are: Control; normotensive controls (N 	 17); ATS,
nephritis (N 	 17); Ang II, angiotensin II (N 	 14); Ang II  ATS
(N	 17). Western blotting of glomerular proteins confirms the immuno-
histochemical data (B). This Western blot is representative of six blots
from six independent experimental series with similar results. Densitom-
etry of these blots showed 1.35 
 0.23 (N 	 6) more arbitrary units
for rabbit IgG in Ang II  ATS rats in comparison to ATS, which was
not statistically significant. (C) Semiquantitative scoring of glomerular
C3c binding in immunohistochemistry. Ang II does not influence bind-
ing of the anti-thymocyte serum to the mesangium. Abbreviations are:
Control, normotensive controls (N	 13); Ang II, angiotensin II-infused
animals (N 	 14); ATS, nephritis (N 	 13), Ang IIATS (N 	 14).
Fig. 3. Ang II inhibits monocyte/macrophage infiltration ED-1 positive cells per glomerular cross section (30 glomeruli/kidney) 24 hours after
induction of the nephritis. Monocyte/macrophage infiltration in glomeruli of ATS nephritic rats was significantly higher as in controls. Ang II
significantly decreased the glomerular infiltration. Abbreviations are: Control, normotensive controls (N 	 8 animals); Ang II, angiotensin II-
infused animals (N 	 10); ATS, nephritis (N 	 9); Ang II  ATS (N 	 10). *P  0.001 versus normotensive controls. #P  0.001 versus ATS.
(B) Glomerular expression of MCP-1 mRNA 24 hours after induction of the nephritis. MCP-1 was induced in nephritic animals and this induction
was inhibited by Ang II. This blot is representative of two independent experiments. Densitometry showed a 3.2-fold reduction of MCP-1 in Ang
II  ATS rats compared to ATS rats. Equal loading and transfer of each lane was confirmed by rehybridization against 18S rRNA.
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Fig. 4. Ang II inhibits glomerular proliferation. (A) PCNA positive cells per glomerular cross section (30 glomeruli/kidney) 5 days after induction
of the nephritis. The number of PCNA positive glomerular cells of ATS nephritic rats was significantly higher as in controls. Ang II significantly
decreased this number. Abbreviations are: Control, normotensive controls (N	 9); Ang II, angiotensin II-infused animals (N	 10); ATS, nephritis
(N 	 9); Ang II  ATS (N 	 10). *P  0.001 versus normotensive controls, #P  0.001 versus ATS. (B) Western blotting for PCNA confirms
this pattern. This Western blot is representative of five blots from five independent experimental series. Densitometry showed a 7.2 
 2.7-fold (N 	
5) reduction of PCNA in Ang II  ATS rats compared to ATS rats.
onist irbesartan (20 mg/kg twice daily by gavage) or
the AT2 receptor antagonist PD 123319 (1.1 g/min by
osmotic minipump, the pumps were implanted s.c. at the
same time as the Ang II containing pumps). We also
were interested in whether the antiproliferative effect of
Ang II is reversible. To study this, the osmotic mini-
pumps containing Ang II were explanted 12 hours before
induction of the nephritis. Figure 6A shows that irbesar-
tan but not PD 123319 inhibited the increase of blood
Fig. 5. Norepinephrine infusion does not influence proliferation. West-
pressure induced by Ang II. Systolic blood pressure 12ern blotting of glomerular proteins for PCNA reveals no difference
between nephritic rats and nephritic rats that received norepinephrine. hours after removal of the pumps was no longer different
from normotensive controls (Fig. 6A). The antiprolifera-
tive effect of Ang II, as judged by Western blotting for
phritic rats that was significantly inhibited by Ang II as PCNA, was almost completely inhibited by irbesartan
shown in Figure 4B. Densitometry showed a 7.2 
 2.7- but not by the AT2 receptor antagonist PD 123319 (Fig.
fold (N 	 5) reduction of PCNA in Ang IIATS rats 6B), suggesting that this effect is transduced by AT1
compared to ATS rats. receptors. After removing the pumps, the antiprolifera-
tive effect of Ang II was still evident by Western blottingNorepinephrine infusion does not inhibit proliferation
for PCNA, although to a lesser extent than in animals
To examine whether the effects of Ang II are due to receiving Ang II continuously (Fig. 6B). In order to fur-
hypertension or specific for angiotensin II norepineph- ther evaluate the time dependency of the antiprolifera-
rine (600 ng/min) was infused. Norepinephrine infusion tive effect of Ang II, minipumps were implanted 12 hours
produced hypertension (controls 103 
 5, norepineph-
before or immediately after injection of the antiserum.rine 176 
 9, norepinephrine  ATS 170 
 4 mm Hg)
Blood pressure measurement showed that rats were al-but did not affect glomerular proliferation as demon-
ready mildly hypertensive after an overnight delivery ofstrated by Western blotting for PCNA (Fig. 5), indicating
Ang II (144
 5 vs. 100
 3 mm Hg in controls, P 0.01).that the effect of Ang II is not due to hypertension but
In both settings Ang II showed a small antiproliferativeis specific for Ang II.
effect by Western blotting of glomerular PCNA. How-
The antiproliferative effect of Ang II is transduced ever, as shown in Figure 6C, implantation of the mini-
by the AT1 but not by the AT2 receptor pumps five days before injection of the antiserum showed
a stronger antiproliferative effect than short-term deliv-To test whether the AT1 receptor mediates the effects
of Ang II, rats were treated with the AT1 receptor antag- ery of Ang II.
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Fig. 6. The AT1 receptor blocker irbesartan,
but not the AT2 receptor blocker PD 123319,
blocks the antiproliferative effect of Ang II.
Systolic blood pressure was measured in con-
scious rats. (A) Twice daily application of irbe-
sartan by gavage but not PD 123319 inhibited
the increase of blood pressure in Ang II in-
fused rats. Explantations of the osmotic mini-
pumps decreased blood pressure to normal
within 12 hours. *P  0.001 versus controls.
Ang II (ex) is osmotic minipump explanted.
(N 	 4 to 6 rats in each group). (B) Adminis-
tration of irbesartan blocked the antiprolifera-
tive effect of Ang II as judged by Western
blotting for PCNA 5 days after induction of
the nephritis. The antiproliferative effect of
Ang II persisted even if the pumps were ex-
planted 12 hours before induction of the ne-
phritis. However, the effect was weaker com-
pared to rats receiving continuos infusion of
Ang II. (C) Ang II also had a weaker antipro-
liferative effect if the minipumps were inserted
12 hours before injection of the antiserum or
even immediately after administration of the
antiserum. The glomerular lysate used in this
Western blot was pooled from 6 kidneys in
controls and ATS respectively and 8 kidneys
in each Ang II  ATS group. The Western
blot was repeated twice with similar result.
Extracellular matrix day 5. However, Figure 7D shows the reduction of these
lesions in a nephritic rat receiving Ang II infusion. Scor-The third hallmark of nephritis besides infiltration by
ing in the PAS stained sections showed a small but sig-monocytes/macrophages and glomerular proliferation is
nificant reduction in Ang II infused nephritic animalsglomerular accumulation of extracellular matrix. Over-
(Fig. 7E).production of matrix proteins is another consequence of
mesangial cell activation in the ATS [5]. Figure 7 A and
TGF- and p27KIP1B shows the normal-appearing glomeruli of controls and
Transforming growth factor- is a pleiotropic cytokineAng II-infused rats. In contrast, a glomerulus in Figure
7C shows the typical lesions with matrix expansion on involved in a wide range of pathophysiologic processes.
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Fig. 7. Extracellular matrix. Glomeruli of control (A) and Ang II (B) infused rats had a normal appearance by lightmicroscopy (PAS 400). Five
days after induction of the nephritis, nephritic rats revealed matrix expansion with edema and diffuse endocapillary proliferation leading to a
compromise of capillary loop lumens (C). The expansion was decreased in nephritic rats receiving Ang II infusion (D). Scores are shown in panel
E. #P  0.05 vs. ATS (Control, N 	 10; ATS, N 	 9; Ang II, N 	 10; Ang II  ATS, N 	 10).
Ang II infusion induced TGF- expression as judged DISCUSSION
by Western blotting of glomerular proteins (Fig. 8A). This study shows that Ang II ameliorates rather than
Densitometry showed a 2.53 
 0.44-fold induction in deteriorates morphologic changes in the early phase of
Ang IIATS rats compared to controls rats. To explore mesangioproliferative nephritis. This finding is in con-
the inhibition of proliferation further, we turned our trast to earlier studies that described an antiproliferative
attention to the cell cycle machinery in an attempt to and antifibrogenic effect of blockade of the renin-angio-
identify the locus of the Ang II effect. Figure 8B illus-
tensin system [7, 8]. One of the most common pathologi-
trates that p27KIP1 protein was clearly up-regulated in
cal features of glomerular disease is infiltration of mono-Ang II-infused rats compared to controls.
cytes/macrophages. Ang II infusion reduced glomerular
monocyte infiltration. We have recently shown usingLight microscopy
neutralizing antibodies that MCP-1 causes the glomeru-By light microscopy of PAS-stained tissue sections the
lar monocyte infiltration in the ATS nephritis [6]. More-majority of glomeruli appeared relatively well preserved
over, in the present study Ang II inhibited expressionin Ang II-infused rats. However, mild focal tubulointer-
of the chemokine MCP-1. While this does not prove thestitial injury with tubular atrophy, dilation as well as inter-
hypothesis, it strongly suggests that the reduced mono-stitial fibrosis with cell infiltration was observed in Ang II-
cyte infiltration is caused by inhibition of induction ofinfused rats. Small renal arterial vessels of Ang II-infused
MCP-1 in Ang II infused animals. Depletion of mono-rats demonstrated focal injury with fibrinoid necrosis and
cytes leads to a reduction of mesangial matrix expansionmedial hyperplasia, whereas glomerular capillaries dem-
onstrated only rare segmental hyalinosis [14]. in the ATS nephritis [15]. Moreover, inhibition of MCP-1
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Fig. 8. Glomerular expression of TGF- and
p27KIP1. TGF- protein expression is strongly
enhanced in Ang II and Ang IIATS infused
rats (A). This blot is representative of 4 experi-
ments with qualitatively similar results. Ang
II induced expression of the cell cycle inhibitor
p27KIP1 in the Ang II and Ang IIATS group
(B). This blot is representative of two experi-
ments with qualitatively similar results.
by neutralizing antibodies reduces glomerular collagen [17]. Chevalier and coworkers recently found an antipro-
liferative effect of Ang II acting via AT2 receptors inIV deposition in the ATS nephritis as shown recently
by us [10]. Therefore, the reduced matrix expansion the obstructed neonatal rat kidney [18]. However, block-
ing the AT1 receptors with irbesartan clearly abolishedfound in the Ang II  ATS group might be caused
by the decreased monocyte infiltration and decreased the antiproliferative effect of Ang II, whereas an AT2
receptor blocker did not show a significant effect in ourexpression of MCP-1. We recently demonstrated by dou-
ble staining that monocytes do not account for the prolif- study. These data indicate that the antiproliferative ef-
fect is likely mediated by the AT1 receptor.erating cells on day 5 of the nephritis [6]. Therefore, the
reduced number of PCNA-positive glomerular cells is Increased glomerular expression of TGF- was found
in Ang II infused rats. TGF- is a pleiotropic cytokinenot due to a reduced number of glomerular monocytes/
macrophages. involved in a wide range of pathophysiologic processes
[4]. However, there is evidence supporting the anti-The predominant biological effects of Ang II are be-
lieved to be mediated in the adult kidney through stimu- inflammatory role of TGF- [19, 20]. It also is an inhibitor
of mitogenesis in glomerular cells in vivo. Some in vitrolation of the AT1 receptor. However, we have described
that induction of the chemokine RANTES by Ang II in effects of Ang II are mediated by TGF- [21]. Although
that does not prove that induction of TGF- by Ang IIthe glomerulus is mediated by the AT2 receptor [16].
Low-dose short-term infusion of Ang II for four days mediates the found effects of Ang II, the correlation of
induction of TGF- and the reduced monocyte infiltra-even induced a small increase of glomerular monocyte
infiltration (from 0.25 to 0.46 monocytes/glomerular tion and decreased proliferation is intriguing.
Toward resolution of inflammation, the defending ma-cross section). In contrast, in the present study Ang II
ameliorated the massive infiltration typically seen on chinery counteracts the attack by offenders at multiple
levels. Several “self-cooling” devices are present in resi-day 1 of the ATS nephritis (from 2.7 to 1.2 monocytes/
glomerular cross section). Antiproliferative effects have dent cells [22]. These may include cyclin kinase inhibitors
that inhibit cyclin-dependent kinases (CDK). The CDKbeen described for the AT2 receptor in endothelial cells
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inhibitor p27KIP1 has been shown to play an important present study by less inflow of disease activators or less
role in cell cycle regulation. Expression of the CDK immunological inflow. First, we have carefully controlled
inhibitor p27KIP1 has been shown by us and others to be in the present study induction of the nephritis by control-
up-regulated by Ang II in vitro [23, 24]. The role of ling glomerular binding of IgG and activation of comple-
cell cycle inhibitor in the glomerulus has been recently ment. Second, we recently were able to show complete
investigated using knockout mice. When anti-GBM ne- induction and development of the ATS nephritis in the
phritis was induced the p27KIP1 knockout mice developed stenosed kidney of renovascular hypertensive rats, indi-
more severe disease compared with wild-type mice [25]. cating that a reduced blood flow does not necessarily
These results suggested that p27KIP1 functions as a “safe- ameliorate the acute phase of the ATS nephritis [9].
guard molecule” of the glomerulus against inflammation. However, since starting the administration of Ang II
Therefore, it is appealing that glomerular induction of after disease induction as well as starting 12 hours before
p27KIP1 by Ang II found in the present study might influ- injection of the antiserum were less effective times than
ence glomerular proliferation as well as matrix expansion administration for several days, we cannot completely
in the nephritic animals. rule out that Ang II somehow reduced the immunologi-
In the dynamic process of fibrogenesis, growth pro- cal inflow to the glomerulus.
cesses such as proliferation of intrinsic glomerular cells Our data on the beneficial effects of Ang II at first
may precede the development of matrix expansion and sight are at odds with the data in the literature [7, 8, 28].
sclerosis. Previous studies have established a relationship However, it is unlikely that interference with a local
between mesangial proliferation and matrix production endogenous renin-angiotensin system using an ACE-
[26]. Ang II stimulates collagen synthesis in renal cells inhibitor or AT1-receptor blocker can be compared with
in vitro. The reason for the decreased matrix expansion the infusion of exogenous Ang II. In addition, activation
in Ang II infused nephritic animals remains unclear. of the renin-angiotensin system might have beneficial
However, maneuvers that reduce mesangial prolifera- renal effects in certain pathophysiological situations.
tion, such as low protein diet or blocking platelet-derived One such situation is renal artery stenosis, where block-
growth factor, also have been associated with the reduc- ade of the renin-angiotensin system might have detri-
tion in matrix production. Therefore, the decreased ma- mental effects for the stenosed kidney [29]. A salutary
trix production might be the result of reduced prolifera- effect of Ang II also was shown recently in partial urinary
tion. tract obstruction [30]. The remnant kidney is another
Studies were performed to determine if another form model of renal injury with an activated renin-angiotensin
of pharmacologically induced hypertension, induced by system, and it has been shown recently that the remnant
infusion of norepinephrine, exhibited similar antiprolif- kidney is surprisingly protected against ischemia/reper-
erative effects. Norepinephrine did not change glomeru- fusion injury [31]. In addition, tissue adaptation to re-
lar proliferation. In addition, no difference in glomerular peated stress has long been known [32]. Endotoxin-
proliferation was found after induction of the ATS ne- induced cross-tolerance to subsequent renal ischemia/
phritis in rats with renovascular hypertension [9]. These reperfusion injury was recently described [33]. We pro-
findings are compatible with the concept that hyperten- pose from our data that Ang II infusion induces a cross-
sion per se does not ameliorate the nephritis, but that tolerance to a subsequent inflammatory injury. Although
the found effects are specific for Ang II. Removal of the it seems less likely from our data, we cannot completely
osmotic minipumps 12 hours before induction of the rule out that reduction of renal blood flow by Ang II
nephritis lowered blood pressure to normotensive levels contributed to the protection of the kidney due to less
within hours. However, there was still an antiprolifera- immunological inflow.
tive effect five days after induction of the nephritis. Clearly, the surprising effect of Ang II on the ATS
Short-term delivery of Ang II starting 12 hours before nephritis has begotten a series of questions that will be
induction of the nephritis or even starting with Ang II instrumental in our understanding of the pathogenesis
infusion after injection of the antiserum showed a weaker of inflammatory glomerular disease and the therapeutic
antiproliferative effect than the administration of Ang role of converting enzyme inhibitors or Ang II antago-
II for five days. This indicates that the presence of Ang II nists in acute glomerulonephritis. However, our data do
is not necessary for inhibition of glomerular proliferation not question the well-known and established beneficial
and that Ang II needs some time to develop its maximal effect of ACE inhibitors in chronic renal disease [34].
effect. These observations suggest that Ang II induces
some factors in the glomerulus that, once induced, exert ACKNOWLEDGMENTS
the positive effects. Ang II reduces renal blood flow.
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